The objective of the present study was to explore past and future primary health care use in preadolescents reporting frequent non-specific health complaints or a low self-rated health compared to that of preadolescents with no frequent health complaints or with good self-rated health. The study was conducted as a cohort study based within the Danish National Birth Cohort (1996)(1997)(1998)(1999)(2000)(2001)(2002). Information on non-specific health complaints and self-rated health was obtained by an 11-year follow-up questionnaire. Information about number of general practitioner (GP) contacts was obtained from the Health Insurance Service Register. A total of 44,877 pre-adolescents gave complete exposure information. Pre-adolescents who reported frequent non-specific health complaints had a higher use of GP compared to pre-adolescents without complaints across the five years following the index date (somatic complaints: IRR = (1.46 [1.38; 1.55], mental complaints: IRR = 1.16 [1.12; 1.19], both complaints: IRR = 1.58 [1.47; 1.69]). The same pattern was found for the association between low self-rated health and number of GP contacts (IRR = 1.41 (1.36; 1.46)). Non-specific health complaints and a poor self-rated health in pre-adolescents was associated with a higher past and future use of GP, indicating a need for development of early interventions with help for symptom management.
Thus, preadolescents with frequent non-specific health complaints and poor self-rated health seem to constitute a growing and clinically relevant group of individuals who may acquire a maladaptive symptom-related behavior with increased use of health care and medication early in life 20 . Given that health behavior is established in childhood and adolescence, it seems relevant to investigate how self-rated health and the experience of frequent non-specific health complaints in youth affect the contact pattern to primary health care over time [21] [22] [23] [24] . The few existing studies in this area have mainly been cross-sectional 7, [25] [26] [27] [28] [29] .
The aim of the present study was to describe both past and future primary health care use in preadolescents reporting frequent non-specific health complaints or a low self-rated health compared to that of preadolescents who do not report these non-specific health complaints frequently or who rate their health as good.
Method
Study population and design. The study was based on longitudinal data on children from the Danish National Birth Cohort (DNBC) 30 . In short, women were recruited at their first pregnancy visit between 1996 and 2002. A total of 100,415 pregnancies were recruited resulting in 92,689 live born children after excluding liveborn twins and triplets. In addition to multiple interviews during pregnancy and infancy, the children themselves and a parent were asked to fill in separate web-based questionnaires concerning health and lifestyle when the child turned 11 years. A total of 44,877 children gave complete information about non-specific health complaints and self-rated health at the 11-year follow-up.
Data from the 11-year follow-up was linked to information from the National Health Insurance Service Register (NHISR) using the unique personal identification number assigned to every citizen in Denmark 31 . The register holds information on services provided by health professionals in primary care contracted with the tax-funded public healthcare system. Since primary health care is free of charge in Denmark, private primary health care services not contracted by the tax-funded public health care system are considered negligible. Healthcare professionals must register all services provided with specific service codes to receive reimbursement for their services. From the NHISR it is possible to get information about type of contacts to the general practitioner (GP) (e.g. face-to-face consultation, e-mail and phone contacts) as well as the week and year of contact. The register also holds information on specific services provided by the GP, but no information on reason for the contacts.
Measures.
Exposure. Information about non-specific health complaints and self-rated health was obtained from the 11-year follow-up questionnaire. The presence of frequent non-specific health complaints was determined from questions concerning the frequency of experienced somatic and mental health complaints during the past 6 months. Somatic health complaints included headache, abdominal pain, dizziness and constipation, whereas mental health complaints included feeling sad, irritability or bad mood, nervousness and trouble falling asleep. The symptom checklist has previously been shown to have a high validity and reliability 32, 33 . The children were asked to fill in how often they experienced the different health complaints (daily, more than once a week, almost every week, more than once a month, almost every month, "more seldom or never"). In this study, frequent experience of complaints was defined as experiencing at least one of the health complaints on a daily basis (yes/no) 4 . This was further categorized in four subgroups: (1) no health complaints, (2) only mental health complaints, (3) only somatic health complaints or (4) both somatic and mental health complaints. Furthermore, in order to investigate if the total burden of somatic and/or mental health complaints was associated with increased health care use, we also calculated a total mental and somatic complaints sum-score. I.e. for each symptom, a score depending on the frequency was given (6 for daily health complaints decreasing to 1 for more seldom or never) and finally summed for all somatic or mental complaints, respectively. Finally, the sum-scores were categorized into tertiles (for somatic sum scores: low ( = 4), medium (5) (6) , high (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) and for mental sum-scores: low (4-6), medium (7-10), high (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) .
Self-rated health was defined according to the question: How would you rate your own health? The answer-categories excellent, good, reasonable and bad were dichotomized into good (excellent or good) and poor (reasonable or bad).
Outcome. The main outcome was defined as total number of "all contacts" to the GP per year, which was defined as the sum of face-to-face contacts, telephone contacts and home visits in both day-time and out of hours, and E-mail contacts. E-mail contacts were included in the NHISR from 2004. Contacts related to routine well-child visits and to the Danish childhood vaccination program were excluded.
In further sub-analyses, the contacts were separated into total daytime contacts (sum of home visits, face to face, telephone, and e-mail contacts), daytime face-to-face, telephone, and finally total out of hour contacts (sum of home visits, face to face and telephone contacts). In addition, specific commonly performed paraclinical tests (urine analysis, blood samples, C-reactive protein, Streptococcal antigen and spirometry) were included as separate outcomes.
Covariates. Covariates were all selected a-priori. Information about sex and date of birth was obtained from the civil registration system. Information about year of filling out the questionnaire, number of siblings (both full and half) and parental cohabitation was obtained from the 11 year follow-up questionnaire and information about maternal education and family income was obtained from Statistics Denmark (the year prior to the date for filling out the 11 year questionnaire). Somatic and mental morbidity in the child prior to filling out the questionnaire was identified from answers to the 11-year questionnaire to the parents as well as from the Danish National Patient Registry and the Danish Register of Medicinal Product Statistics from a predefined checklist (Supplementary methods).
Statistical analyses. Negative binomial regression analysis estimating incidence rate ratios (IRR) was used to investigate the association between self-reported frequent non-specific health complaints as well as poor self-rated health and both past and future primary health care use. The date for filling out the 11-year questionnaire was defined as the index date. IRRs were estimated for each year prior to the index date back until birth and for every year following the index date until 31/12/2014. Mean follow-up time after filling out the questionnaire was 1068 days. Cluster robust variance was applied to account for repeated measurements in the individual child. The IRRs were adjusted for sex, age at index date (10, 11, 12, 13 and 14 years ), year at index date (2010, 2011, 2012, 2013 and 2014) , number of full-siblings (0, 1, 2, 3+), number of half-siblings (0, 1, 2, 3+), parental cohabitation (yes, no), known somatic morbidity (yes, no), known mental morbidity (yes, no), maternal education (lower secondary, upper secondary, tertiary, unknown) and family income (in quartiles).
Sub-analyses were conducted to investigate the association between self-reported nonspecific health complaints and self-rated health respectively and type of GP contact (daytime contacts, out of hour contacts, face-to-face contacts, telephone contact and E-mail contacts). In addition, the association with specific services provided by the GP were investigated (urine stix, blood sampling, c-reactive protein, streptococcal antigen and spirometry). Finally, the main analyses were stratified on sex.
All statistical analyses were performed in Stata 13 (StataCorp LP, TX, USA). Written informed consents to use the self-reported information with linkage to register information was obtained from all mothers on behalf of themselves and their child and all methods were carried out in accordance with relevant guidelines and regulations including the General Data Protection Regulation (GDPR).
Results
Description of study population. Children participating in the 11-year follow-up were similar to those lost to follow-up with regard to year of birth and primary health care use in their 11 th year of life. However, participants tended more often to be girls and to have mothers with longer educations and higher family income ( Table 1) . The mean age of the children included was 11·4 years at index, 52% were girls, 10·7% reported experiencing at least one of the non-specific health complaints daily and 5·2% reported a poor self-rated health.
Children who reported frequent non-specific health complaints tended to have fewer full siblings and more half-siblings and more often to have non-cohabitating parents compared to children who did not report frequent complaints. In addition, they were more likely to suffer from concurrent somatic and mental conditions and to have a lower family income and a mother with a lower education. This was particularly evident for children who experienced both frequent mental and somatic complaints ( Table 2) .
Non-specific complaints and GP contacts. Children suffering from daily non-specific complaints had more frequent contacts to the GP compared to children without daily complaints. This was particularly evident from 1 year prior to the index date and onwards, but the consultation rate ratio (IRR) was above 1 for several years prior to the index date ( Fig. 1) . The associations appeared strongest for pre-adolescents experiencing either daily somatic or both somatic and mental complaints. On average, these groups had 46% and 57% more GP contacts (IRR = 1·46 (1·38; 1·55) and 1·57 (1·47; 1·69, respectively) during the first 5 years following the index date. However, also pre-adolescents reporting frequent mental health complaints had a higher health care use compared to children who did not report frequent complaints (IRR = 1·16 (1·12; 1·19)). The associations were similar when split into the different types of GP contacts and for specific services provided (Supplementary efigure 1a-d and efigure 2a-e). Also, the associations were similar for boys and girls (data not shown).
The total burden of both non-specific somatic and mental complaints, i.e. the mental and somatic sum-scores, were also associated with primary health care use both prior to and following the index date, with an increase in IRR from early childhood and a leveling off around the index date (Fig. 2) . Hence, children belonging to the second or third tertile for either the mental or somatic sum-scores had more GP contacts compared to children in the lowest tertile. The strongest associations were found for children in the third tertile.
Self-rated health and GP contacts.
Having a poor self-rated health was associated with a higher use of primary health care (Fig. 3) . Again, the association was present several years prior to the index date and increased up until the index date before leveling off. Across the five years following the index date, pre-adolescents reporting a poor self-rated health had 41% more contacts on average compared to those who rated their health as good (IRR = 1·41 (1·36; 1·46)).The associations were similar when split into the different types of GP contacts and for specific services provided (supplementary efigure 3a-d and efigure 4a-e). Also, the association was similar for boys and girls (data not shown).
Discussion
In summary, the study found that children experiencing frequent non-specific health complaints in pre-adolescence had higher past and future primary health care use compared to children who did not experience frequent health complaints. The association appeared strongest for children with a high burden of non-specific health complaints. Likewise, children with poor self-rated health had a higher past and future health care use compared to children reporting a good self-rated health.
www.nature.com/scientificreports www.nature.com/scientificreports/ Most previous studies on the association between non-specific health complaints and health care use have been cross sectional 7,25-28 . They have consistently found that children reporting non-specific health complaints have a higher use of health care services. To our knowledge, only one previous study has investigated the association between non-specific health complaints and future health care use. This study found higher healthcare use in Danish children with functional somatic symptoms at the age of 5-7 years 29 . Functional somatic symptoms are comparable to non-specific health complaint, except that the former primarily refers to medically unexplained somatic complaints. In another study using the same cohort, health care use in early childhood was a predictor of consulting the GP with respect to functional somatic symptoms 34 . Together these findings are in accordance with results from the present study showing higher both past and future primary health care use in children reporting non-specific health complaints. This tendency was evident for all types of contact to the general practitioner and for most types of specific services provided, indicating that the reasons for contacts are heterogenic and of both urgent and non-urgent character.
To our knowledge, no prospective study has previously investigated the association between self-rated health in children and primary health care use. However, one study based in the Norwegian YOUNG-HUNT-study did report an association between self-reported health service attendance in adolescents and self-rated health 4 years later 15 . This is in line with the finding from the present study with more contacts to the GP many years prior to the index date in children with a poor self-rated health. Also, longer follow up of the YOUNG-HUNT study revealed that a poor self-rated health at the age of 16 was associated with both allostatic load 11 years later and redemption of prescribed medication 18 years later 18, 19 . In summary, these studies indicate that a poor self-rated health is established in early life and that it remains a strong predictor of problematic health issues even into adulthood 21 .
Primary health care use in younger children is to a large degree predicted by maternal illness behavior 35, 36 . This is the case for both health care use in general and for non-specific health complaints 24, 37 . Since the young children rely on parents when seeking help, the higher use of primary health care services in children with non-specific health complaints in early childhood could be the result of a maladaptive illness behavior by the 10, 21, 22, [38] [39] [40] . This may affect the child's self-rated health and experience of non-specific health complaints later in life and this again may affect the child's health care seeking 21 . Whether this is the explanation for the associations seen in this study or whether these children always have had objective health problems, is however not possible to conclude from the present study.
The strengths of the study include the large study population as well as the registry-based information about health care use over a long period of time. The registry-based information excludes the risk of recall bias and the long observation time gives a detailed picture of the temporal development in health care use. The findings are believed to be generalizable to countries with a similar primary health care service where the GP act as a gatekeeper, but reservation should be taken when generalizing to countries without tax-payed health care services.
There are however also limitations in the study. The attrition of potential study participants is relatively large (51·8%). Children who were lost to follow-up were more likely to be boys, to have mothers with a lower degree of education, to have lower household income and to have parents with mental illness. Also, although not directly comparable, the relatively large difference in the prevalence of daily non-specific health complaints between the present study and the Danish Health Behavior in School-aged children (HBSC) Study (approx. 12% vs 25%), could indicate that the children suffering from frequent non-specific health complaints were less likely to participate in the study. Participation however appeared to be independent of primary health care use in the 11 th year of life and selection bias is therefore expected to be limited. Another limitation of the study is that we do not know the reason for the health care contact. We also do not know whether the reported complaints and the poor self-rated health are due to known somatic or mental disorders. We did, however attempt to adjust for known concurrent morbidity according to both self-reported and registry-based information. This only changed the estimates marginally. Also, whereas the questions concerning non-specific health complaints have been validated among children in the relevant age-group, this is not the case for the question concerning self-rated health 32, 33 . In adults, a poor self-rated health has been shown to be associated with an increased risk of becoming ill and die early and in adolescents it has been shown to be associated with health issues in adulthood. We therefore hypothesize that self-rated health also in 11-year-old children is an indicator of quality of life and future health.
In conclusion, children reporting frequent non-specific health complaints and poor self-rated health in pre-adolescence, have a higher both past and future health care use compared to children without such complaints and children who rate their health as good. With a general increase in the prevalence of non-specific health complains and poor self-rated health among children and adolescents, this is a group that needs special attention 4 . Development of early interventions are needed to prevent future morbidity and financial costs. These could be inspired by existing interventions, for medically unexplained symptoms in adults and should engage not only the young person but also the family as a whole [41] [42] [43] [44] .
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